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MORTALITY IN THE SOCIO-ECONOMIC DISTRICTS
OF NEW HAVEN*
CECIL SHEPS AND J. H. WATKINS
Death is theend-pointofwhatisusually arathercomplicatedprocess
in which many primary forces have interacted. The actual occurrence of
a disease and its severity depends in part upon factors of susceptibility
andenvironment. The matter ofresistance (which may be constitutional
or acquired) and the further influence of environment, including of
course such things as living conditions, occupational hazards and strains,
and the availability of adequate modern medical care play important
roles in determining whether the outcome will be fatal or not. Thus,
whilemortality statistics are atpresent invaluable in the measurement of
health, they form at best only a crude yardstick of the prevalence of ill
health. They are, however, the most reliable statistics available at the
present time for large groups of people.
Many studies have been made which indicate that a deterioration in
socio-economic living standards is accompanied by an increase in mor-
tality rates in general, in rates of certain specific diseases, and in specific
age groups.10 For such studies of mortality rates in relation to socio-
economic status, cities, states, or nations are usually compared, using for
purposes of correlation the death rates for the entire population of each
geographic area on the one hand, and a complex consisting of annual
income, value of production, etc. on the other. This procedure of
averaging the characteristics of a large aggregate of persons on a
geographicbasistends toobscure relationsbetweencertain factors among
special groups in the population. For example, it is often true that a
high income level for the population of a geographic unit may actually
benefit only a part of that population and may, by the same token, be
associated with unfavorable economic conditions for the other part.19
The value of minimizing this averaging factor as much as possible was
demonstrated by Warren and Sydenstricker,8 who showed that among
garment workers in New York City in 1914 the proportion of tuber-
culosis was nearly thirteen times greater in the group whose earnings
* From the Department of Public Health, Yale University School of Medicine.YALE JOURNAL OF BIOLOGY AND MEDICINE
were under $500 per year than in the group whose earnings were $700
or more per year.
Ifitisdesired todetermine closely manyofthe relationships between
socio-economic factors and health, it seems necessary to use small units
of population as a basis of study. Some studies of this type have been
conducted with wards of cities as the unit. Wards are sections of a city
set up for political purposes; rarely, if ever, are their boundaries laid out
so as to separate sociologically homogeneous areas with the result that
population homogeneity seldom exists within them.
Consequently, a movement has prevailed among workers in the
field of population during the past two decades to divide cities into
smaller units, termed "census tracts," the boundaries of which divide
off homogeneous areas so far as major population characteristics are
concerned.16 Laidlaw7 in New York and Green4 in Cleveland first used
such areas. Since then, this system has been extensively used in other
cities. Data, secured in this way, enabled Green5 in 1931 to show that
the infant mortality rate in the lowest economic group was 240 per
centhigher than in the highest economic group.
Themethod is more useful in larger cities, which can be divided into
perhaps several hundred census tracts, than in smaller cities such as
New Haven. This city has a population of a little more than 160,000
and is divided into 33 wards which until recently have served as the
census tracts, andwhosepopulations are notsociologically homogeneous.
They have been used, however, in a number of studies of the health
status of New Haven's population. MacDonald8 applied them to prob-
lems ofprenatal care in 1933, Beach,1 in 1934, used them in a mortality
study, and Nickerson,9 1933, studied infant and pre-school child care.
It was evident that the lack of clear-cut distinctions between the tracts
led to failure to achieve rational results in many phases of these studies.
Davie,3 in 1937, published the results of an intensive and compre-
hensive sociological study of New Haven, which divided the city into
25 districts reasonably homogeneous from a broad socio-economic point
of view. The thoroughness of this work stimulated the junior author to
apply the districting to a mortality analysis of the city over the period
covered by the data upon which Davie's analysis was made. The results
of this analysis are presented in the present paper.
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Thesocial ecology of NewHaven*
Sources ofsocio-economic data. Davie'sstudy3 was based on informa-
tion collected in New Haven during the years 1933 to 1935. Its purpose
was to gather detailed data regarding a series of social, economic, and
demographic factors. The city was divided into twenty-five ecological
districts on the basis of this information, each district being quite
homogeneous from thepointofviewofaseriesofsocio-economicfactors.
Subdivision was accomplished by the useofmaps of thecity showing
every lot and the location and size of every structure. From these it was
possible to designate the predominant utilization of each city block rela-
tive to the character of the dwellings and its residential, commercial,
industrial, or recreational use.
In addition, distributions of the population according to various
social and demographic criteriawereprepared and studied. These related
particularly to family income, race and nativity, religion, delinquency,
anddependency,t aswell asinclusion intheSocialRegister,Who'sWho,
andmembershipin theGraduateClub. Thechiefsourceofsuch material
was the sample family survey of New Haven made in 1933 by the
Institute of Human Relations of Yale University, consisting of ap-
proximately 2000 randomly selected families. Other sources were
Juvenile Court records, relief cases, the Social Register, membership
lists of clubs, etc.
The ecological districts. These physical and social criteria brought
to light twenty-five distinctive, homogeneous, "natural" districts (Fig.
1). The central commercial, the industrial, and the University areas are
omitted from the present discussion because they are so delimited as
to exclude practically any other use and contain a negligible proportion
of the resident population. There remain twenty-two distinctive areas,
mainly residential, which vary considerably in size and population but
are each reasonably homogeneous for the socio-economic criteria.
The districts varied in population in 1930 from 285 to 30,508. In
order to provide population groups sufficiently large for a mortality
analysis, the districts were grouped into seven areas. These were labeled
and graded in order from "A" to "G," area "A" being the best socio-
economic area and "G" the worst. Even this grouping was too fine for
mortality rates for certain causes of death by age groups, so that the
seven areas were further grouped into three Major Areas.
A brief description of these areas follows. The ecological districts
which were placed in each group can be seen on the accompanying map
(Fig. 1).
± Dependency: Active cases on records of New Haven public and private agencies giv-
the present study.
* The authors wish to acknowledge Dr. M. R. Davie's assistance and stimulation in
ing direct relief.
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Area "A"-Districts 1 and 17 comprised the best residential sec-
tions, containing a large proportion of the "notables" in the city as seen
by the Social Register, Who's Who, and the Graduate Club lists. The
family heads were prevailingly business executives, professional persons,
dealers, and proprietors. Single-family dwellings of relatively high
valuation predominated. More than 75 per cent of the families had
incomes over $1500 per year, the largest proportion being over $3000.
The majority of family heads were native born. No delinquency and
virtually nodependency existed.
Area "WB"Districts 2, 14, and 16. The second best residential sec-
tions of the city. They contained a small number of "notables." Heads
of families were mainly office workers, dealers, and proprietors, with
business executives and professional persons ranking second. Two-
family houses were in the majority. Modal family income was $1500
to $3000. From one-third to one-half of the heads of families were
native born. There was no problem of delinquency and practically
none of dependency.
Area "eC"-Districts 10, 11, 18, and 22. These were mainly residen-
tial in nature. Artizans and office workers formed roughly 50 per cent
of the family heads. The two-family house was general. About half of
the families had incomes over $1500 and about half the family heads
were native born. Delinquencywaspractically non-existent. Dependency
was below the average but obviously affected by the depression.
Area "rD" Districts 3, 7, and 8. Districts with some business and
even a little industry. Artizans and laborers predominated. Two-family
houses were the general rule. Somewhat more than fifty per cent of the
families had incomes less than $1500 per year. About one-third of
the family heads were native born. Delinquency and dependency rates
were consistently below expectancy.
Area "rE" Districts 9, 19, and 21. Districts which were pre-
dominantly residential butcontained agood deal of commercial activity.
Two-thirds of the family heads were artizans or laborers. Two-family
houses predominated. Roughly 75 per cent of the families had annual
incomes of less than $1500. Forty per cent of the family heads were
foreign born. Delinquency was below expectancy. Dependency was at
the expectancy level.
Area"F" Districts 6, 12, 15,and 20. Districts which included some
business andcommercial activity; the"blighted" areas. Livingconditions,
when measured by the physical components involved in housing, were
generally below desirable and healthful standards, but were not beyond
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repair. Predominant occupations of family heads were those of laborer,
artizan, or skilled worker. Two-family and multi-family dwelling units
prevailed generally. Over 80 per cent of the family incomes were less
than $1500peryear; over 60percentoffamilyheadswereforeign born.
This area also contained the Negro neighborhood and thus had the
largest proportion of Negro residents in the city. Both delinquency and
dependency rates were generally well above the average.
Area "G"G-Districts 4, 5, and 13. These were the obvious slums,
withcommerce and industry scattered throughout. Eighty per centof the
family heads were laborers or artizans. Housing consisted of crowded
two, three, and multi-family units of the poorest quality. With very few
exceptions the family income was below $1500 per year with a signifi-
cant proportion below $1000. These districts contained the highest
proportion, around 70 per cent, of foreign-born heads of families in
the city. Delinquency and dependency rates were very high, roughly
twice the average.
The three Major Areas (Fig. 2) into which these seven areas were
further grouped were:*
Major Area I -Areas A and B. The best stratum.
Major Area II - Areas C, D, and E. The middle stratum.
Major Area III - Areas F and G. The worst stratum.
Population ofthe ecological areas
Sources and methods of obtaining data. The boundaries of the
ecological districts were rarely coterminous with those of either the
census tracts or enumeration districts, and, as a matter of fact, often
followed no street or other defined demarcation, but cut directly through
the blocks. The problem of obtaining accurate population statistics for
the ecological districts thus presented real difficulty. The following
method was used:
1. Population statistics for the basic census enumeration districts in
1930 were obtained from the U. S. Bureau of the Census.
2. A map of the ecological districts was superimposed upon a map
of New Haven showing the 102 enumeration districts used in the
1930 census.
* Throughout this report, the term "ecological district" refers to the original 25 small
districts set up by Davie. The term "ecological area" is used for the seven areas, A through
G, described above. The three "Major Areas" into which the seven "ecological areas" are
grouped will be denoted by Roman numerals.
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3. In those cases where an enumeration district was found to lie
within an ecological district its entire population was included in the
population of the ecological district.
4. In; the case of a number of the enumeration districts, it was
necessary to divide the population into two or more parts for allocation
to the various ecological districts of which sections were found to lie
within a single enumeration district. This allocation was worked out in
eachcasewith thehelpof the housing statistics for New Haven gathered
in the census of 1940.18 These data provided the number of dwelling
units found in each city block. From the super-imposed map referred
to above and the housing statistics, the total number of dwelling units
in an enumeration district, and the number of dwelling units in each
part of the enumeration district belonging to a different ecological
district were determined. The ratio of the number of dwelling units in
each section of an enumeration district which needed to be split into
two or more ecological districts to the total number of dwelling units
in the enumeration district was then applied to the population statistics
of the enumeration district.
It is believed that the method provided reasonably reliable statistical
data. Although the housing data upon which these estimates were based
were obtained in 1940, the number of dwellings had not essentially
changed since 1930. No estimate was made of population changes from
1930 tothemid-pointoftheperiodunderstudy (1932), itbeingevident
that the data of 1930 were as reliable as those secured by any empirical
adjustment.
Population of areas. The total population of New Haven in 1930
was 162,655. Excluding the central commercial, the industrial, and the
University areas, the remaining population under study was 157,773,
or 97.0 per cent of the population of the entire city. In all subsequent
discussion and in the graphs and tables the area under study will be
referred to as the "city."
Populationandsexdistribution ofecologicalareas
The population of each area is shown in table 1. It is of interest to
note that Major Area III, constituting the "blighted" and slum sections,
contains over half the population of the city. The smallest ecological
area contained 10,001, and the largest, 60,709 persons.
The sex distributions shown in table 1 are also given in graphic
form in figure 3. The areas grade from a preponderance of females
(55.6 per cent) in area A to a lesser preponderance of males (51. 4 per
cent) in area G. The better socio-economic areas have a preponderance
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TABLE 1
POPULATION AND SEX DISTRIBUTION OF ECOLOGICAL AREAS, 1930
Area
Number
A 10,001
B 23,551
C 14,185
D 15,229
E 12,838
F 60,709
G 21,260
Total 157,773
I 33,552
II 42,252
III 81,969
Total 157,773
Population
Per cent of city
6.3
14.9
9.0
9.6
8.1
38.6
13.5
100.0
21.3
26.7
52.0
100.0
Males
Number
4,442
10,666
6,857
7,269
6,436
30,398
10,929
76,997
15,108
20,562
41,327
76,997
Per cent
44.4
45.3
48.3
47.7
50.1
50.1
51.4
49.6
45.0
48.7
50.4
49.6
Females
Number Percet
5,559 55.6
12,885 54.7
7,328 51.7
7,960 52.3
6,402 49.9
30,311 49.9
10,331 48.6
80,776 50.4
18,444 55.0
21,690 51.3
40,642 49.6
80,776 50.4
of females and the worst areas, of males. This is most obvious in the
grouping of major areas I, II, and III.
PA'LATION OF ECOLOGICAL AREAS - NEW HATvN, CmIN. 1930-34
Figure 3 Sax Distribution
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Population statistics
were available in the
following six age
groupings: 0-4, 5-14,
15-24, 25-44, 45-64,
and 65 and over. It
is a matter of regret
that statistics were
not available for the
age 0-0.9 as these
wouldhavefacilitated
a more adequate
analysis of the mortality data for infants.
The information regarding age distribution in the ecological areas
will be found in table 2 and figure 4. It is readily seen that as one pro-
ceeds down the socio-economic scale, a progressive increase occurs in the
proportion of the population in each of the age groups under 25 years
of age. Conversely, in going from the best to the worst socio-economic
areas, a corresponding decrease occurs in the proportion of the popula-
tion in age groups over 45 years. Thus, the age group 0-4 forms 5.5 per
cent of the total population of area A as compared with 10.2 per cent of
area G, a two-fold increase. Conversely, the age group 65 and over in
area A forms 7.3 per cent of its total population, compared with only
3.8 per cent in area G, little more than half.
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ing the distribution
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60 70 s8o 90 10 The figures for the
color distribution are
shown in table 3.
TABLE 3
COLOR DISTRIBUTION OF POPULATION BY ECOLOGICAL AREAS
White
Number Per cent
9,894 98.93
22,819 96.89
14,022 98.85
15,169 99.61
12,663 98.64
57,158 94.15
20,733 97.52
152,458 96.63
32,713 97.50
41,854 99.06
77,891 95.02
152,458 96.63
Negro
Number Per cent
102 1.02
697 2.97
157 1.11
58 .38
173 1.35
3,526 5.81
513 2.41
5,226 3.31
799 2.38
388 .92
4,039 4.93
5,226 3.31
Other
Number Per cent
5 .05
35 .14
6 .04
2 .01
2 .01
25 .04
14 .07
89 .06
40 .12
10 .02
39 .05
89 .06
Total
Number Percent
10,001 100.00
23,551 100.00
14,185 100.00
15,229 100.00
12,838 100.00
60,709 100.00
21,260 100.00
157,773 100.00
33,552 100.00
42,252 100.00
81,969 100.00
157,773 100.00
It may be noted that the total Negro population of New Haven is
only 3.3 per cent of the whole, while the "other" group is negligible
in number. Considerable variation exists in the proportion of Negroes in
the different areas, from a low of 0.38 per cent in area D, to a high of
5.81 per cent in area F. This proportion does not appear to be highly
correlated with the socio-economic status of the areas. Even the major
areas do not suggest a high correlation, since Negroes are less than 1
per cent in II as opposed to 2.38 per cent in I and 4.93 per cent in III.
The method used for estimating thepopulation may have introduced
some error into the estimate of color distribution in the ecological areas.
The ecological districts had been drawn up with careful consideration
Area
A
B
C
D
E
F
G
Total
I
II
III
Total
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for the exact boundaries of any district, including the main Negro
district of the city (included in our area F). However, when the
statistics of split enumeration districts were apportioned to estimate
the population distribution of the areas, estimates as to color had to be
made in the same manner as the other estimates. In this way, it may be
that the estimated Negro population for area F is too low, and for the
other areas it may be somewhat high.
Mortality oftheecologicalareas
Essential data concerning the deaths of each New Haven resident
during the 5-year period 1930-1934 were abstracted from the death
certificates on file in the office of the New Haven Registrar of Vital
Statistics. Since reciprocal arrangements for the allocation of death
certificates according to place of residence of the deceased had been
operative within the state since 1927, virtually all the deaths of New
Haven residents during this period were included and those of non-
residents excluded. The total number of resident deaths during this
period was 8,201.
The causes of death were classified and coded according to the
International List of Causes of Death, 1929,14 and the Joint Index of
Causes of Death of the U. S. Bureau of the Census.15 Numerical codes
were also utilized for age, color, sex, and country of birth.
In order to allocate each death to its proper ecological district it was
necessary to prepare a numerical street index of New Haven, giving the
district for each address in the city. This index was carefully checked
against the existingward index, with the street maps of the New Haven
City Engineer, and with the local directory.
The coded data were transferred to punch cards, and the necessary
tabulations secured by means of IBM tabulating equipment in the Yale
University Department of Public Health.*
With a few exceptions, a number of rubrics of the International
List of Causes of Death were grouped together for the purposes of the
present study. This was done for two reasons. If single rubrics were to
be used for the calculation of mortality rates only infrequently would
sufficient deaths have been ascribed to that particular cause to provide a
sufficient number reliable for analysis. Furthermore, it was realized that
deaths grouped under a single rubric of the International List do not
* The authors wish to acknowledge the assistance of I. M. Moriyama, A. Glenn Evans,
and W. I. Lourie in the work of abstraction, coding, and preliminary tabulation.
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necessarily include all deaths from the same basic condition. Some of
the fallacies involved in this connection are well described by Van
Buren.17 The same rubric often is interpreted to mean different con-
ditions by different physicians. The concept of what is included under a
certain medical term often undergoes change as do its diagnostic criteria.
All physicians do not learn of these changes and accept them at the
same time. Thus it was advisable to combine a number of rubrics in
order to obtain a reasonably reliable figure for the number of deaths
from a general, basic condition. The groupings used were as follows:
1. Deaths from all causes.
2. Degenerative Disease: arteriosclerosis, endocarditis, cerebral embolism,
hemorrhage and thrombosis, myocarditis, chronic nephritis.
3. Tuberculosis.
4. Diabetes.
5. Accident and Violence: accidents, suicide, and homicide.
6. Respiratory Disease: all diseases of the entire respiratory system (includ-
ing the nasal fossae) with the exception of cancer and tuberculosis.
7. Tumors: both malignant and non-malignant.
8. Infectious and Parasitic Disease: this group includes 19 rubrics forming
a rather heterogeneous group. Syphilis and tuberculosis were not included.
9. Diseases of Early Infancy and Congenital Malformation: Congenital
malformation, congenital debility, premature birth, injury at birth, and
other diseases peculiar to the first year of life.
Crude annual mortality rates were calculated in the usual manner.
Age adjusted (standardized) mortality rates were computed in all in-
stances by multiplying the specific death rate for each age group by the
population of that age group in New Haven in 1930, adding together
the resulting "theoretical" deaths and dividing the sum by the total
population. The resulting "age-adjusted" rate can be interpreted as the
total mortality rate for the area concerned which would have occurred
if the age composition of the population of the area had been the same
as that for the entire city. Differences in varying age composition from
area to area are thus eliminated from the study.
All comparisons were subjected to a test of significance in order to
minimize the possibility that the observed differences were merely due
tochance and sovoidofrealsignificance. Thechi-square testwas utilized
throughout the present study in the manner prescribed in Snedecor's
Statistical Methods.1" In the comparison of two rates the test for four-
fold tables was used; when two sets of more than two rates were tested,
the additive feature of the chi-square test was utilized, the basic com-
63YALE JOURNAL OF BIOLOGY AND. MEDICINE
parison being that of the paired rates. In all cases a chi-square value
indicating a probability of less than 0.05 and more than 0.01 'was con-
sidered "significant" and a chi-square value indicating a probability of
less than 0.01 was considered "highly significant."
Deathsfromallcauses
Results ofthe analysisofmortality from all causes are found in table
4 andshowngraphically (age adjusted rates) in figure 5. The total num-
ber of deaths included in this analysis was 8,201.
Adjustment of the rates for all persons according to the age dis-
tribution of New Haven in 1930 effected a considerable change in the
size of the all-cause death rates. The alteration, however, uncovers a
strikinginverse correlation between socio-economic levels and mortality.
Low socio-economic areas possess high mortality rates; high socio-
economic areas possess low rates. As against the adjusted rate for the
city* of 10.5 per 1,000, the age-adjusted rate for the high socio-economic
area A was 8.0. The rate progressively and significantly increased to
one of 11.8 for the lowest socio-economic group, area G.
TABLE 4
MORTALITY FROM ALL CAUSES IN ECOLOGICAL AREAS OF NEW HAVEN, 1930-34
RATES PER 1,000 POPULATION, ANNUAL BASIS
All Ages Age Group
Crude Adjusted 0-4 5-14 15-24 25-44 45-64 65 and over
Ecological Area
A 9.5 8.0 6.2 0.9 1.1 2.6 11.9 73.7
B 11.5 8.9 8.7 0.8 1.2 2.8 14.1 77.4
C 8.8 8.8 9.5 0.9 1.1 3.1 15.8 67.4
D 11.2 10.2 8.7 1.1 2.0 4.7 17.7 74.0
E 10.0 10.9 9.3 0.4 2.6 4.2 19.5 84.2
F 10.7 11.6 11.3 1.2 1.9 4.4 22.2 83.1
G 9.5 11.8 10.5 1.4 1.9 5.4 22.5 80.6
Major Area
I (A, B) 10.9 8.7 8.0 0.8 1.2 2.7 13.4 76.7
II (C, D, E) 10.0 9.9 9.2 0.8 1.9 4.0 17.6 74.3
III (F, G) 10.4 11.7 11.0 1.2 1.9 4.6 22.3 82.6
Entire City 10.4 10.5 10.1 1.1 1.8 4.0 18.7 78.5
* As previously stated, the term "city" is used throughout the present study to
denote the total area studied, which constitutes 97.0 per cent of the total population of
New Haven. All rates were adjusted to the age distribution of the total population of
New Haven in 1930, which accounts for the fact that the crude death rate for the "city"
is often not the same as the adjusted rate, due to slight differences in the age distributions
of the population of the area studied and of New Haven as a whole.
64MORT1ALITY AND SOCIO-ECONOMIC STATUS 65
When the chi-square
EMTALITY RATIS OF ECOLOGICAL AREAS - HWJ IAVEN, COfN. 1930-4 test was applied to the
Figure 5 Deaths fros AU Causes distribution of the rates
Area among the seven areas A
A P< Ol to G, to the rates for the
3 < ' broader classification I to
D -_ _ III, and to the rates in
___________________________ -area A as compared with
area G, the differences in
II | P<.Ol these rates were found in
III ~~-~ each instance tobe highly
City significant.
0 It 4 6 8 10 14 Age-specific death
Deaths per i,Oo population rates by age groups are
shown in figures 6 and 7.
The all-cause mortality rate for the ages under 5 years varies from a
low of 6.2 in area A to a high of 11.3 per 1,000 in area F, followed
by 10.5 in area G. The rate for the city was 10.1. The differences for
the seven areas were found to be not statistically significant; however,
the differences between the rates of the major areas were highly
significant.
MORTALITY RATES OF ECOLOGICAL AREAS -BU? HAVEN, COMN.1950.34
Figure 6 Deaths from All Causes by Age Grouos
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In the age
group 5-14 the
ratevaried from
a low of 0.4 in
area E to a high
of 1.4 in area G
with a rate for
the city of 1.1.
Tests of signifi-
cance showed
that the differ-
ences in this
age group were
significant only
for the major
areas.
The lowest
rate in the age
group 15-24
wasagain found
in area A (and
areaC), 1.1 per
1,000.Thehigh-
est rateoccurred
in area E, 2.6,
B
C
D
E
F
C
- .- .- --YALE JOURNAL OF BIOLOGY AND MEDICINE
those for areas
F and G being MWALIT RATEl OF 20 IOGICAL AJSA8 - NE@zJ ElY5l Cl. 1930"4somewhat
Figure 7 Deaths from All Causes bYABe ('rouDs lower, 1.9. Tests
Rates per 1,000 population *denotes siguiticaut wariatioa of significance
indicated that 0-4 5-14 the rates were
AIa Area significantly dif-
ferent only for
-tin n III the three major areas. The num-
0 2 4 6 8 10 12 0 2 4 6 8 10 12 ber of deaths
15 - 24 25 - 44 credited to this
Area age group, as
well as to ages
5-14, were
inS in _ IIXsmall, beingless
than ten for
0 2 4 6 8 10 12 0 2 4 6 8 10 12 several areas
45 - 64 65 end owr over the 5-year Area A"a period.
In the age
n group 25-44 the
III _ III rate varied from
02 2 14 16 is W. 22 a 2 72 74 76 78 W0 82 01 a lowof2.6in
areaAtoahigh
of 5.4 in area G, with the rate for the city being 4.0. The chi-square
testwashighlysignificantfor the rate differences among the seven areas.
Rates for ages 45-64 varied from a low of 11.9 in area A to a
high of 22.5 in area G, with the rate for the city being 18.7. Again, the
test showed that the rate differences were highly significant for the
seven areas.
In the age group 65 years and over, the rate varied from a low
of 67.4 in area C to a high of 84.2 in area E, with the rate for the city
being 78.5. Tests of significance again indicated that the rate differ-
ences were highly significant in the seven areas A to G.
These data establish a close relationship between socio-economic
status and the total death rate. The best socio-economic area of the city
has an adjusted death rate much smaller than that for the worst area.
Since the primary difference between the various areas is that of socio-
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economic status, the differences in mortality appear to be explained by
differences in the socio-economic living standard, i.e., the higher the
level of living, the lower the death rate and vice versa.
The data relating to the age-specific death rates in the various
ecological areas indicate that mortality rates increase progressively with
a deterioration in the standard of living in each age group. This is
seen significantly in the broader grouping of the three major areas but
it is also indicated in the finer grouping of the ecological areas. In the
latter grouping the age-specific rate in each instance is much higher in
area G than in area A, with the rates in the intervening areas falling
between these two values, and with few exceptions, in graded corre-
spondence with their relative socio-economic position.
Since the death rate is usually very much greater in the age group
0-0.9 than it is in the group 1-4, it is regretted that closer analysis of
the mortality rates in the age group 0-4 was not possible because of
unavailability of population data for the group 0-0.9 separately.
The fact that the death rate for the age group below 5 years is a
little higher in area F than it is in area G may be due to the conditions
associated with the relatively high Negro population of area F.
The influence of sufficient numbers of cases in studies of this type
is seen in the results of the chi-square test when applied to the age-
specific rates in various area groupings. When the two small areas, A
and G, are compared, even though they are at opposite poles from the
point of view of social ecology and mortality rates, only three age
groups were found to have statistically significant differences in rates.
When, on the other hand, the distribution of age-specific rates was
tested among the seven areas it was found that four age groups had
statistically significant differences. Finally, when the distribution of age-
specific rates was tested among the broader classification of major areas
I to III, thus providing greater numbers, the difference in the rates is
significant in all six age groups.
Degenerativedisease
Results of the analysis of total mortality from degenerative disease
are found in table 5. Figure 8 shows the age-adjusted death rates from
such causes. The total number of deaths included in this group was
3,632.
The age-adjusted mortality rate for the city was 463 per 100,000.
It rises from a low of 350 in area A to a high of 536 in area F and 502
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in area G. Rates for the intervening areas are in inverse relation to
socio-economic status; the progression is most clearly shown in the
broader grouping of the major areas. The differences between the
rates are statistically significant.
TABLE 5
MORTALITY FROM DEGENERATIVE DISEASE IN ECOLOGICAL AREAS OF NEW HAVEN,
1930-34 -RATES PER 100,000, ANNUAL BASIS
Ecological Area
A
B
C
D
E
F
G
Major Area
I (A, B)
II (C,D, E)
III (F, G)
Entire City
All Ages
Crude Adjusted
438 350
556 399
383 385
486 429
436 499
474 536
373 502
521
436
448
460
0-4
0
15
0
52
34
8
19
5-14
11
7
16
7
24
24
14
Age Group
15-24 25-44
25 72
20 65
0 69
69 130
73 93
32 106
56 138
385 11 8 22 67
432 28 15 48 97
529 11 21 38 113
463 16 18
45-64
426
607
617
721
859
1006
936
65 and over
4300
4610
4380
4210
5160
5420
4810
554 4530
724 4500
990 5290
38 98 803 4840
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Figure 8 Deaths fron Degeneratie Disease
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The numbers of
deaths in the three
lowest age groups
were too small to
warrant comment. In
the age group 25-44
the rate varies from a
low of 65 in area B
to a high of 138 in
area G. The rate for
the city was 98. The
rate differences were
significant in their
distribution in the
seven ecological
areas.
The rates for the next older age group, 45-64 years, vary from 426 in
area A to a high of 1,006 in area F and 936 in area G, the rate for the
city being 803. The rate differences were found to be highly significant
when their distribution in the seven areas was tested.
Area
A
B
C
D
I
7
I
IIT III
City I
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In the oldest age group, 65 years and over, the rates varied from a
lowof4,210 in area D to a high of 5,420 in area F. The rate for the city
was 4,840. Although the rate differences of the seven ecological areas
were found to be highly significant, the relation between socio-economic
level and mortality was not definitely demonstrated. This may be due,
in part at least, to the wide range of ages included in the age group, so
that differing proportions of the very old existed in the populations of
the seven areas. Mortality rates from degenerative disease rise abruptly
after 65 years of age so that the age factor is still apt to be important in
death rates for the combined ages over 65 years.
A striking similarity exists between the pattern of distribution of
mortality rates for the ecological areas and the rates for all causes in that
these data seem to indicate the same close inter-relationship between
poor living conditions and high death rates. The rate in area G is over
40percentgreater than that in area A. Tests of significance lend support
to this interpretation.
The age-specific mortality rates also show the inverse relationship
between the level of social ecology and deaths from degenerative dis-
ease, and suggest that the inter-relationship is generally operative, at
least at all ages above 25 years. This is most evident in the age period
45-64 years, and the fairly steady, progressive increase in the mortality
rate in relation to the lowering of the socio-economic level is of interest.
Tuberculosis
Results of the analysis of mortality from all forms of tuberculosis
are found in table 6 and figure 9 (age-adjusted rates). The total number
of deaths was 323. An evident correlation exists between lowered liv-
ing conditions and an increased mortality rate from tuberculosis. This
progression is clearly shown in the broader grouping of the major areas.
It is also seen in the grouping of the seven areas A to G where, with one
exception (area F), the mortality rate increases progressively as living
conditions deteriorate.
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TABLE 6
MORTALITY FROMI TUBERCULOSIS IN ECOLOGICAL AREAS OF NEW HAVEN, 1930-34
RATES PER 100,000, ANNUAL BASIS
Ecolozical Area
A
B
C
D
E
F
G
All Ages
Crude Adijsted 0-4
22.0
28.9
35.2
40.7
54.5
44.8
48.0
20.1
24.9
35.1
39.2
55.1
46.2
56.4
0
0
0
35
34
23
9
Age Group
5-14 15-24 25-44 45-64 65 andover
11 0 39 0 110
7 20 28 40 70
16 43 39 59 26
7 23 52 52 98
0 36 78 98 68
11 42 50 86 62
0 47 71 108 99
Major Area
I (A, B) 26.8
II (C,D,E) 43.1
III (F,G) 45.6
Entire City 41.0
23.5
42.5
48.3
41.0
0
23
19
17
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Figure 9 Deaths from Tuberculosis
Area
A
B
C
D
E
F
G
I
II
m
City
P >.05
0 10 20, 30 40 50
Deaths per 100,000 population
rates for areas A and G only is significant.
14 31 29 81
34 55 67 67
43 55 91 70
35 49 68 73
The age-adjusted
1930-34 mortality rate for the
city is 41.0 per 100,-
000. In the seven
areas it rises from a
low of 20.1 in area
A to a high of 56.4
in area G.
The rate differ-
ences in the seven
areas A to G are not
significant; however,
they are highly sig-
nificant in the
broader grouping of
major areas. The dif-
ference between the
The distribution of deaths by age groups yielded too few at each
age to warrant single rates on which reliance could be placed. Signifi-
cance tests showed that highly significant differences existed only in the
age group 45-64, the one in which the majority of deaths from tuber-
culosis occurred. The order of the rates for this group was an increase
with lowered socio-economic conditions. None of the other series of
age-specific rates were significant.
-.M
1- M
M-
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These data for tuberculosis also show the familiar inverse relation-
ship between socio-economic status and the death rate. The worst area in
the city (area G) had a mortality rate nearly three times that of the
best area (area A). Tests of significance substantiate this interpretation.
The differences in the rates of the major areas and also the rate in area
A as compared with that for area G probably reflect actual and real
differences in the prevalence of tuberculosis.
Diabetes
A total of 242 deaths from diabetes was recorded during the 5-year
period. The age-adjusted mortality rates, shown in figure 10, varied
uniformly from a low of 22 per 100,000 in area A to a high of 48 in
area G, that for the city being 31. The rate differences, however, were
not significant, nor were those for the major areas. For this reason a
table of the rates is not presented.
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Figure 10 Deaths from Diabetes
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A =P>.06
A
B~~~~~~~~~~
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Deaths per 100,000 population
Only inthespecific
age group 45-64, to
which half the deaths
were assigned, were
significant differences
observed. The rates
varied from 44 in area
A to 146 in area G;
the rates in the inter-
.005 mediate areas however
were not consistently
arranged in order, but
varied between 53 and
40 so 86. Itwasobvious that
theresultofthesignifi-
cance test depended solely upon the large increase in the rate of area
G over that of area A.
The evidence, although far from convincing, points to a lower
diabetic mortality in the better areas of the city, an observation at
variance with the results of other studies of diabetes. It has long been
recognized, for example, that the correlation between consumption of
sugar, relatively a luxury item, and diabetes is positive and high. The
present results, from data secured during depression years, gives rise to
the suspicion that mortality from diabetes is not always positively
associated with socio-economic status.
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Violence
Violent deaths (accidents, suicide, and homicide) accounted for a
total of 559 deaths during the period of study, with an annual adjusted
rate of 71 per 100,000 for the city as a whole. The age-adjusted rates
varied over the seven areas in a gradual but statistically non-significant
manner from 51 in area A to 87 in area G (Fig. 11). Those for the
major areas, however, showed significant variation, as follows: I, 60;
II, 66; III, 78.
Of the age-specific
rates only those for
iD~L1TI
0 DOat00ICAL ARElASnt -NdW H&lol the group 5-14 years
71tg 11 Deaths from Aeo$eA.n a iolenc, showed significant
variation, in spite of
the small number of
A _I___ deaths involved.
c Onlyfive deaths from
violence occurred in
a _ this age group in the
_________________ areas A to E, but in
_ _ the two worst areas,
F and G, 29 deaths
city were recorded. The
rate was 8 per 100,-
000 over the areas A
Deatba per 100,000 populatio
o
to E compared with
32 for areas F and G, a four-fold increase. Deaths from violence were
more numerous at ages above 15 years, but the distribution of the rates
for the areas, although tending to be low in the better economic areas,
show differences so slight as to render them non-significant.
Respiratorydisease
Results of the analysis of 764 deaths from respiratory disease are
given in table 7 and the age-adjusted rates in figure 12. The age-
adjusted rates per 100,000 (97.2 for the city) show a general increase
over the areas with lowered socio-economic status, although the rates
are lowest for areas B and C rather than area A. An orderly progression
is shown for the major areas, however, from 75 for area I to 105 for
III. The variation in rates is highly significant.
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TABLE 7
MORTALITY FROM RESPIRATORY DISEASE IN ECOLOGICAL AREAS OF NEW HAVEN
RATES PER 100,000, ANNUAL BASIS
All Ages Age Group
Crude Adjusted 0-4 5-14 15-24 25-44 45-64 65 and over
Ecological Area
A 96.0 83.9 110 22 13 33 124 630
B 89.2 71.6 122 14 5 23 99 584
C 66.3 65.3 83 8 8 35 141 333
D 106.4 96.8 70 15 8 52 188 644
E 84.1 88.9 103 0 36 18 152 713
F 101.6 109.1 220 13 12 50 191 645
G 112.9 133.6 222 14 14 82 242 720
Major Area
1 91.2 75.2 118 17 7 25 107 596
II 86.2 84.9 85 8 17 39 162 560
III 104.7 99.4 220 13 12 57 202 661
Entire City 96.8 97.2 168 12 13 45 168 614
Significant varia-
wEJmAIM&T3S OF WCOLOQICAL Ams - MN H00, CM3. 193044 tion among the area
flUWe 12 ts fr ztDisea rates by specific age
groups was found for
all except the groups
Av <.O1 5-14 and 15-24
¢_ = which thenumbersof D _______________________ deaths from respira-
o tory disease were
small. In general, the
P.I.1 _picture shown in
City figure 12 for the ad-
. . . .. . justed total mortality from respiratory dis-
D"th per 100 000 pxpulvtion ease is similar to that
found for each of the age groups; areas C and D have rates lower than
those of areas A and B, with the highest rates occurring uniformly in
area G.
Tumors (allforms)
In the 5-year period 1110 deaths occurred from malignant and
benign tumors. Results of the analysis of these deaths are given in table
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TABLE 8
MORTAUTY FROM TUMORS, BENIGN AND MAUGNANT, IN ECOLOGICAL AREAS OF
NEW HAVEN -RATES PER 100,000, ANNUAL BASIS
Ecological Area
A
B
C
D
E
F
G
Major Area
I
II
Entire City
AllAges
Crude Adjusted
176
176
135
172
131
134
90
176
147
123
141
142
130
135
154
144
149
121
134
145
143
142
Age Group
0-24 25-44 45-64
0 39 319
25 33 302
16 35 379
15 56 376
17 68 358
27 50 385
8 30 306
17 34 307
16 52 372
22 45 367
19 45 352
Compared with the
age-adjusted city rate of
Fi6us 13 Deaths from TuRO 142 100,000, the
Area seven areas varied from
A 121 for area G to 154
c for area D. No definite
D
relation to socio-eco-
G - nomic factors wasfound,
none of the differences
rII.05
being significant.
Distribution of the city deaths by age showed
0 aD 40 60 80 100 IN 140 i0 nothing significant with
Deaths per 100,000 population respect to the socio-
economic groupings.
Malignancy, to which nearly all of these deaths must be credited, is
evidently not associated with ecological factors.
Infectiousandparasiticdisease
Deaths from infectious and parasitic disease numbered 193 for the
5-year period, an amount too small to subdivide by specific causes.
Distribution of the age-specific rates by specific areas is shown in figure
14. Theage-adjusted ratefor thecity was 24 per 100,000, and the lowest
age-adjusted rate of the areas (area A) was 14; this was offset by a rate
65 and over
1260
1110
920
1150
980
1070
970
1150
1040
1050
1080
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of 22 for the next best area, B. Although a rough correlation is indicated
betweenmortality and ecological area, the worst areas appearing to have
the highest rates, the progression is not significant.
The rates for age
MORrA=I7IY RATES OF ECOLOGICAL AREAS - NEW HAVEN, CON. 1930-34 groups show varia-
Figure 14 Deaths from Infectious and Parasitic Diseas, grou sheof wvaia tion, some of which
Area test significantly. In
A the 14-24 group, for
B __>__ example, the eleven
deaths all occurred in
___________________ areas E, F, and G; at
ages 65 and over high r _______________________ _ P>>5 rates occurred in cer- n
in tain areas, B, D, and
city E. A proper and in-
15 *0 teresting interpreta-
O 5 10 1 0 2 tion of these findings
Deaths per 100,000 population could no doubt have
been made by an analysis of the causes of death concerned had the num-
bers been sufficiently large to permit it.
Congenitalmalformations anddiseases ofearly infancy
Only eight of the 340 deaths from congenital malformations and
diseases of early infancy, during the 5-year period, occurred among
children 5 years of age and over. The greater part of the remaining 332,
of course, occurred among infants under one year of age. However,
populations under one, or the equivalent annual live births, were not
available for the socio-economic areas. The rates per 100,000, based
on the population under 5 years, are given in table 9 and shown graphi-
cally in figure 15.
The lowest rate
NOAITY RATES OF ECOLOGICAL AREAS - NEW HAEW, CWN. 1930-34 occurred in area A;
Figure 15 Deats fro Disases of Easrly Infan ah e r t Coanseitallflfortlosu however, the two
Ara next highest rates oc-
Al s >.05 curred in the two
B next best areas, fol-
D 'I lowed by those of the
_ - two worst areas, F
and G. Variation for
n
_ _-- P>__ _ the seven areas, as En well as for the three
city_______________________________ major areas, w as not
0 100 30 400 a00 eCo statistically signifi-
Dea pe 1200,00 dewr five ye1ers of cant.YALE JOURNAL OF BIOLOGY AND MEDICINE
TABLE 9
MORTALITY FROM CONGENITAL MALFORMATION AND DISEASES OF EARLY INFANCY
PER 100,000 UNDER 5 YEARS OF AGE, ANNUAL BASIS
Ecological Area Major Area
A 293 I 506
B 595 II 489
C 616 III 542
D 418
E 429 City 522
F 547
G 528
It is possible that the socio-economic relation is obscured by the
use of rates for the population under five years rather than more precise
infant mortality rates. Further, the group is a heterogeneous one, thus
hiding differences which a more detailed analysis, based on larger num-
bers, might have revealed.
Discussion
The relationships shown herein between socio-economic status and
health as measured by mortality, are popularly supposed to occur, but
are not often demonstrated in practice. This is usually due to one or
more of several reasons, principally that the populations contrasted are
often too crudely defined, and the actual underlying ecological differ-
ences obscured by the heterogeneity of the areas studied. The differ-
entiating factor in many studies is often a single yardstick of socio-
economic status, such as average monthly rental. The present study illus-
trates the value of combining a number of criteria, rental, delinquency,
social standing in the community, financial dependency, etc., to achieve
thehomogeneity necessary tobringoutthe essential differences.
Homogeneity within the basic units under study is a factor so often
emphasized in all instruction on statistical analysis as to become tiresome
to the student attempting to grasp the principles involved. He is in-
clined to consider the assumption of homogeneity a detail thrown into
theproblem by the mathematical statistician for reasons of his own. The
present study, like others in which the question of homogeneity is care-
fully followed through, demonstrates not only the practical reasons for
the assumption, but that the extra labor involved in rendering the basic
units as homogeneous as possible often yields valuable and fruitful
results.
Basic social areas must usually be small if homogeneity is to be
achieved. This does not make analysis and adequate statistical treatment
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of data relating to such areas difficult because the data of homogeneous
areas may be pooled. This is much to be preferred to the frequent use
of larger areas on the mistaken assumption that geographic proximity
indicates socio-economic similarity.
There is still prevalent, among public health workers at any rate,
amisconception aboutthepattern ofurban growth and the development
of social areas. Almost twenty-five years ago, the social scientists at the
University of Chicago2 believed they had satisfactorily demonstrated
that the typical process of urban growth produces a differentiation into
types of areas forming successive zones which radiate from the center
of the city. These zones were said to range outwards from the central
business district and were consecutively described as "a zone of transi-
tion" consisting mostly of slum area, surrounded by "a zone of work-
ingmen's homes" surrounded in turn by "a zone of better residences,"
finallyencircled by "acommuter's zone." This concept has been carefully
tested in many cities and has been shown, notably by Davie3 and by
Hoyt' to be rarely, if ever, true. Close objective study demonstrates that
"There is no universal pattern, noteven of an 'ideal' type."3 Figure 1, for
example, demonstrates that in New Haven, among the ecological dis-
tricts borderingon the central business district, are representatives of five
of the seven sociological grades into which the districts had been classi-
fied, including the best and the worst grades.
"Today, the health officer realizes that a community cannot be
compared, for instance, to an apple that is uniform throughout, but
rather to a bunch of grapes, with clusters differing among themselves-
some large, others small; some sweet, others sour; some excellent, others
bad throughout. More and more, he recognizes that a community is
not a mere aggregate of people but is composed of numerous small
neighborhoods of relatively homogeneous populations; that each of
these units presents social and public health problems, different in
nature and scope; problems that can be dealt with effectively only in
their local environment."'16
Recognizing this, the health officer must appreciate the need for
enlisting the assistance of modern social science. He must work closely
with the sociologist and thus avoid some of the errors referred to above.
This is butone instance ofthe steadily emerging truth, that if preventive
medicine and public health is to realize its social function it must work
closely with those who have studied other aspects of the science of
society-sociologists, students of fertility, of population change and
migration, of economics, and even of agriculture and industry.
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Another important factor which must always be considered in the
treatment ofsuch socio-economic data as mortality records is that of age.
The variation in mortality rates over the life span is so large that unless
the agedistributions of the populations studied are closely alike, or their
differences taken into account as in the present study, other mortality
differences fail to be revealed.
Theconsistent use of a testof significance, not merely of a difference
between two rates, but of the variation in a number of them, permits
conclusions from data otherwise too often considered inadequate for
decision. The chi-square test is of greatest usefulness in this connection.
The data utilized in the present study demonstrated upon analysis
a strong adverse relationship between socio-economic status and mor-
tality from all causes. This relationship is present at all ages but is most
striking below the age of five years and between the ages of 25 and 64
years. The same adverse relationship was found for deaths from
degenerative disease, most evident between the ages of 45 and 64 years.
Tuberculosis data also demonstrated the same adverse relationship,
especially in the age group 45 to 64 years.
Diabetes is usually considered to be a disease of the well-to-do.
However, our data, on mortality at least, do not conform, but incon-
clusivelypoint to the opposite, that is to an adverse relationship between
socio-economic status and the death rate from diabetes.
Although theinfluenceofchance variation could not be satisfactorily
ruled out in interpreting the rate differences for deaths from accident
and violence, the data are suggestive of the same adverse relationship.
Deaths from respiratory disease (exclusive of tumors and tuber-
culosis) indicate an adverse relationship between socio-economic status
and mortality, especially below the age of five years and above the
age of 25, and between the ages of 45 and 64 years.
Mortality rates for tumors and for infectious and parasitic disease
revealed no relationship to sociologic factors.* Deaths from diseases of
infancy and congenital malformations were also unrelated to socio-
economic factors, but as was pointed out, these data could not be
analyzed satisfactorily as infant mortality rates could not be calculated.
* It has been pointed out by a number of investigators' that socio-economic factors
influence the incidence of certain types of cancer. For example, evidence has been found that
cancer of the gastro-intestinal tract, as far as the pylorus, occurs more commonly among
the poorer classes. Unfortunately, the rubrics used in this study did not make possible such
breakdowns.
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What is the value of the relationships established in this study be-
tween socio-economic status and the mortality from many diseases?
The epidemiologist, knowing that these relationships exist, must set
out to discover the particular elements of the socio-economic complex
which have the greater influence upon the lives and health of human
beings and, in addition, which can be practically controlled. Health
administrators, from the local health officer to those concerned with
federal health activities, must plan and adjust their programs to take
full advantage of the knowledge gleaned in this fashion.
It is evident that a great deal of further research is needed to de-
termine, for example, whether the increased death rate from degenera-
tive disease among those who live in a poor socio-economic environ-
ment is due to a greater incidence of degenerative conditions in this
group, a greater prevalence, or inadequate medical care, including in-
ability to carry out the regime of living necessary in the treatment of
such a condition.
The great need for studies of this kind was succinctly expressed by
Sydenstricker'2 in 1933: "As new discoveries are made in the relations
of environment to health, social efforts will be further developed to
combat the effects of deleterious conditions. To an increasing extent
we shall strive through social action to determine what our environment
and our heredity will be. What is needed is more knowledge, dispas-
sionately collected and scientifically analyzed with a wholesome respect
for the complexities of human society and of the individuals who com-
pose it; to form a sound basis for the conscious control of our destinies."
Conclusions
1. A need exists for closer and more intimate cooperation between
public health workers and those dealing with sociological and economic
problems of the human race.
2. When social areas are set up in a city on the basis of a complex
of social and economic factors used to determine the homogeneity of
the areas, an effective and reliable tool is provided for the investigation
of public health problems.
3. In New Haven, in the period 1930-34, an inverse relationship
existed between socio-economic status and the mortality from all causes,
from degenerative disease, from diabetes, accident and violence, and
from respiratory disease.
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4. Further detailed socio-medical study is required to delineate the
mechanism by which sociologic factors in the environment influence the
health of humans in terms of their predisposition to specific disease
conditions and their resistance to the progress of these diseases towards
fatality.
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